INTRODUCTION
This paper is the first in a series of three articles describing how laboratory computer systems (LCS) can be used by clinical pathologists to improve patient care beyond the usual accomplishments of such systems. The goals of a clinical pathologist can be simply thought of as (1) getting the right answer (2) on the right patient (3) to the right place (4) at the right time. Until 10 years ago nearly all of the development and research in clinical pathology was directed toward the first goal (i.e., accuracy, precision, quality control, and better test methodologies). With the introduction of the LCS, not only did it assist in this goal but it also provided a means to begin addressing the other goals. Accuracy to one more decimal place is irrelevant if it is performed on the wrong patient, sent to the wrong place, or delivered too late to be useful to our clinical colleagues. It is appropriate to explore new ways in which the LCS can be used Plenum Publishing Corporation as a management tool to improve patient care. Several computer programs that we have found useful in accomplishing these goals will be described in this series. The Throughput Report is used in achieving our goal of providing test results at the correct time. It is not possible to precisely define "'correct time" since it depends upon many variables, including the condition of the patient at a given time, and the clinician involved. Clearly it is related to being medically useful, and timeliness is especially critical for tests ordered stat for life-threatening conditions, t One indication of the timeliness desired by clinicians is whether the test was ordered "stat" or "routine." The amount of time required for a clinical pathology laboratory to perform a test has been referred to as the turnaround time (TAT) or throughput time. It is defined here as that time during which the laboratory is processing the sample and performing the test and includes accessioning and preparation of the sample, actual performance of the test, and quality control checks. It begins the moment that the specimen is received by the clinical laboratory and accessioned into the LCS and ends when the technologist runs a program called WORKLIST VERIFY, which finalizes the results and allows them to be reported. The capability of a clinical pathologist to investigate slow TAT has been very limited and is usually on an individual retrospective basis often initiated by the complaint of a clinical colleague. This ungainly approach is due to the absence of an objective, prospective method of monitoring TAT. The LCS is an ideal tool for this purpose. This paper describes the Throughput Report, a computer program developed in the Laboratory Data Center of the Department of Pathology at the University of Michigan. It is used to monitor the TAT of stat tests. A similar program can be developed by any lab having a LCS and the facility for programming upon it.
METHODS AND MATERIALS
The laboratory computer used in the University of Michigan pathology laboratories is a PATHLAB system from the Medlab Company (Salt Lake City, Utah 84115), a division of Control Data Corporation. It has been in operation since December 1976. The C.P.U. is a Control Data 1784 with 160K words of core memory and 275 megabytes of disk memory. There are a total of 67 peripheral devices, including 34 CRTs, 5 on-line instruments, and also interfaces to the hospital IBM 370/3031 computer and a PDP 11/34 computer in the radioimmunoassay laboratory. All application programs are written in FORTRAN IV and there is the facility for compiling on site. A detailed description of the standard features available on the PATHLAB system has been published elsewhere. 2 A flow chart of the programs and data flow is shown in Figure 1 .
Our department performs 5.5 million test procedures or nearly 18 million weighted C.A.P. work load units from over 25,000 inpatient admissions and 325,000 outpatient visits per year. Results are reported through the computer system from hematology, biochemistry, microbiology, coagulation, immunology, radioimmunoassay, toxicology, cytology, surgical pathology, and nuclear medicine laboratories. Interim, cumulative, and discharge reports are printed each day. Collection lists are printed frequently for blood drawing sweeps. The central distribution area accepts, checks, test requests, and labels incoming specimens as well as answers phone inquiries for results.
The Throughput Report program is written in FORTRAN IV and was developed in our department during a 1-month period using the top-down approach. There are mandatory and optional sections. The mandatory section includes (1) a summary table of the number of specimens test requested, collected, and verified per hour ( Figure 2) ; (2) histograms showing the mean TAT per hour for stat and routine tests, respectively ( Figures 3 and 4) ; (3) an overdue list of those patients whose stat test had a TAT greater than expected ( Figure 5 ).
The optional section can be selected during the initial call of the program or can be recalled after inspection of the mandatory section and includes (1) histograms showing the number of specimens test requested, collected, and verified in 15-minute intervals for stat and routine tests, respectively ( Figures 6-8) ; (2) a detailed summary of all the tests used for calculation of given mean TAT. The flow of the program is shown in Figure 9 .
In order to assess the value of producing the Throughput Report, we measured the number of tests per day performed on the SMAC (Technicon Corporation, Tarrytown, New York 10591) that took 60 minutes or more, comparing October 
DISCUSSION
During the design and testing of this program two issues emerged. The primary one was to decide which items should be used to initiate and end the measurements of TAT. Several authors define TAT in a similar fashion to the definition mentioned above, s,4 whereas others consider it to also include delivery time of samples to the laboratory) ,8 Actually, one could make a case for considering TAT to be the entire period of time from the moment a physician decides to order a test until the moment the result is returned to him or her. Clinicians sometimes envision this entire cycle to be composed of three or four steps, each of which is controlled by clinical pathology, when in fact there are often 20 to 30 steps with specific responsibility traversing the boundaries of up to five separate departments and involving many persons, most of whom are not supervised by a clinical laboratory. In order to monitor the entire cycle by computer, test-ordering and specimen pickup times, as well as other specific landmark times that we do not have access to, would require storage in our computer files. Therefore, we have defined TAT as that time during which the laboratory is process- be used to initiate the measurement. We found that for some specimens the time at which the test request is entered into the computer is appropriate since star specimens are rapidly delivered to central distribution by messengers, while for others the specimen collection time is more appropriate since many test requests are entered into the computer the evening before and collected by the venipuncture team using collection lists the next morning. Logic was therefore incorporated into the computer program to compare the specimen collection time/date and the test request time/date, selecting the later one to initiate the TAT measurement. The time chosen to end the measurement was the point at which the test was verified in the computer by the technologist. By "verified" it is meant that the test has been performed, the technologist has checked the quality control measures to assure that the batch of analyses was "in control," and the answer is accurate and thus reportable. Most LCS have a computer program that allows the whole batch of analyses to be finalized at once. The function of the program is to transfer the results from a temporary file into the patients' permanent file, from which they are available for reporting by phone or hard copy. After this is done the results are "verified." The point at which this is done is called the "verify time," which is stored in the patient file and retrieved by the Throughput Report. The second issue to be considered were those tests normally having a TAT greater than 24 hours. Since the main purpose of this program is to monitor the TAT for stat tests, and no stat test takes more than 24 hours, we chose not to provide the capability to monitor the TAT of tests normally requiring greater than 24 hours to perform.
As mentioned in the introduction, clinicians indicate the timeliness desired for a test by ordering it "stat" or "routine." In current usage the term stat test implies a TAT of 15 to 60 minutes. By definition, all tests not ordered stat are considered routine. The usual TAT for a routine test is 4 to 24 hours or more. Historically, the term stat meant that there was an emergency, life-threatening need for the results. In the laboratory all other work stopped until that stat test was completed. The use of the term has changed and now encompasses many other situations and has come to mean "all tests that are processed outside of the routine collecting and testing cycle.'" Thus, if a house officer or ward clerk has forgotten to order a test for the routine blood drawing sweep, it may be ordered stat to make up for the error. It is this shift in the usage of the word stat that is responsible for much of the 25% stat rate that wecarry each day. It is impossible for the laboratory to distinguish in a timely way which stat test requests are for life-threatening crises and which are for convenience. Consequently, all stat tests are handled alike. At some point the number of stat tests becomes so great that the laboratory can no longer handle them rapidly and the TAT inevitably slows down. The slow TAT noted in our laboratory before the production of the Throughput Report is a result of the overutilization of stat test ordering. It is not the purpose of this paper to discuss the ethical, economic, or legal implications involved in overutilization of the word stat; however, faced with an increasing work load of stat tests, the clinical pathologist will usually seek to find a way to handle all of them in a timely manner. The Throughput Report is one way of monitoring timeliness.
The results of the comparison between TAT in 1978 and 1979 are shown in Figures 10 and 11 . The mean percentage of specimens taking 60 minutes or more decreased from 78.5% in 1978 to 43.0% in 1979, representing a decrease of 45.2%. The mean percentage of specimens taking 90 minutes or more decreased from 46.2% in 1978 to 15.4% in 1979. It is interesting to note that during this time the mean daily star rate increased from 19.9% to 24.7% and the mean daily volume increased from 324.8 to 359.7 per day (Figures 12 and 13) . Since there were no changes in instrumentation and no increase in staffing during this interval, we conclude that the decrease in the mean percentage of specimens taking 60 minutes or more was due to the availability of the Throughput Report to the laboratory personnel. Providing this bench mark allowed the technologists to modify the way that stat tests are handled within the laboratory. Steps taken by the technologists to decrease the TAT included earlier start-up time for the SMAC, faster verification of work lists, decrease in the amount of batching, and decrease in the size of each work list. While it is certainly not optimal for 43.0% of stat tests to take 60 minutes or more, it is clearly superior to 78.5%. Further decrease in TAT can be accomplished by closer follow-up by pathologists.
Interesting patterns have emerged from the Throughput Report that are worthy of note. First, a constant pattern is observable on the hourly mean TAT histogram for routine tests. It has the appearance of a "descending staircase" and is due to batching (Figure 4 ). While not particularly disturbing for routine tests, such a pattern, if seen on the stat hourly mean TAT histogram, indicates that batching of stat tests is occurring. Secondly, the opposite pattern, an "ascending staircase," can indicate that the technologist has gradually fallen behind in the work load. Finally, we have observed a gradual shift in the work load from morning to late afternoon. We suspect that this is due to the faster TAT of tests, thus allowing the house officers to initiate a second physician order cycle during the afternoon chart rounds for follow-up or repeat testing. If this is true, it is an indication.that the LCS improves the clinicians' ability to work up patients in a timely manner. This will be discussed further in a later article.
The histograms produced in the optional section of the Throughput Report can be used for several interesting purposes since they show time-related work flow through the LCS. The histogram for number of stat tests requested throughout the day ( Figure 6 ) can be used to obtain a general indication of misutilization of star services. Since medical crises tend to occur at random, the distribution of star requests during the day should be constant. Thus any reproducible peak of star request activity may indicate that the tests are being ordered stat for reasons other than life-threatening illnesses and are therefore inappropriate.
The histogram of the number of tests collected throughout the day (Figure 7 ) shows the pattern of samples arriving in the laboratory from blood drawing sweeps of the venipuncture team, as well as samples delivered by the messenger team. At many hospitals these two activities are not coordinated, yet the summation of them has profound implication for staffing of the laboratories and central distribution area. This type of display of work load can be used to adjust staffing needs. The usefulness of this management approach will be discussed in a separate article.
Finally, the histogram of the number of tests verified in the LCS throughout the day (Figure 8 ) can be very useful in predicting the effect of changing the print times for interim reports. The purpose of the interim report (which we call Ward Summary Reports or WSR) is to deliver the test results to physicians more frequently than the once-daily cumulative report and thus will eliminate some phone calls to the laboratory for results. Printing the interim report before most of the tests are verified, say at 9:15 a.m., would not be useful since many phone calls after distribution of the report would occur for test results not on the reports. Likewise, printing the interim report much later, say at 12:30 p.m., although containing more test results, would also lead to excessive numbers of phone calls for test results since the reports would arrive too late. Obviously, judgment is required to determine the best overall print time. Display of the data in this way is very useful in making that judgment. In addition, the height of each bar in this histogram is directly related to the number of stat tests per work list. Ideally, this number should be as small as possible since it facilitates faster TAT. This graphic display allows the pathologist to monitor work list length.
Review of the literature discloses a paucity of articles concerning TAT. Several authors discuss TAT problems but offer no solutions or means of monitoring. 4' 7 Others comment upon faster delivery of specimens to the laboratory by pneumatic tube or by optimizing the blood drawing sweeps as a means of shortening the physician order cycle. 5,6 However, the longest elapsed time interval in a physician order cycle is usually while the specimen is in the laboratory. 8 Thus the single most effective step in shortening the physician order cycle is to reduce the TAT in the laboratory. Barnett et al. surveyed by questionnaire 53 hospitals regarding stat tests. Expected TATs for each test were collected and the median time for small, medium, and large laboratories was reported) This is impoi'tant information since it allows one to know what one's peers expect in TAT. However, it is essential to realize that comparison of expectation with actual performance will probably show a wide disparity. Drewinko et al. discuss the use of a computer program to measure mean TAT. Unfortunately, only one mean TAT for the entire day is calculated for inpatients and one for outpatients. 3 Obviously, significant TAT problems can occur and not be reflected in a single daily mean. This is precisely the reason that we chose to measure hourly mean TAT and produce a summary table of the number of specimens per hour, as well as an overdue list of all tests taking more than the expected TAT.
In summary, the LCS can be a useful management tool to improve TAT for stat test results, which improves patient care. The graphic displays discussed are useful to monitor work flow both into and out of the laboratory, as well as certain critical steps within it. Further development in this area should include the capability for monitoring TAT for routine tests taking more than 1 day, such as surgical pathology reports and microbiology cultures. Determination of actual TAT performance for routine tests will probably also show a wide disparity with expectation. Use of the Throughput Report will produce a similar decrease in TAT.
